Introduction
Species ability for spatial colonization depends on several ecophysiological characteristics that condition its capacity for seedling establishment, in the first term, and thereafter, its productivity and ability to take up resources. Several studies have suggested that seedling survival during the early stages is a critical phase in seedling recruitment success [1] [2] [3] . In Mediterranean ecosystems, many reports have identified summer drought as one of the main causes of seedling mortality during their first year, when plants still have an underdeveloped root system [2, [4] [5] [6] . However, prior to seedling survival, seed germination and seedling emergence are also key processes in plant recruitment during a plant's life history. Furthermore, the choice of time and location of germination; irreversible process; may cause the death of the individuals and then impacting population recruitment [7] . The knowledge of a species' capacity to survive during these stages under different environmental conditions is important in understanding the overall recruitment process.
Rhamnus alaternus L. and R. ludovici-salvatoris R. Chodat are perennial dioecious shrubs with very different geographic distributions. R. alaternus is widely distributed in the Mediterranean basin, reaching Portugal and Crimea [8] , whereas R. ludovici-salvatoris is an endemic species, only present in the Gymnesic Islands (Mallorca, Menorca and Cabrera) of the Balearic Archipelago, in the western Mediterranean basin [9] . Moreover, the distribution of R. ludovici-salvatoris has been declining over the last few decades, probably due to land use and to its poor seedling recruitment ability [3] , which hinders species regeneration after ecosystem disturbance. In addition, when comparing both species, R. ludovici-salvatoris shows several traits which limit plant biomass production under Mediterranean conditions, such as a high ratio of respiration and photorespiration to photosynthesis and a low intrinsic water-use efficiency [10] .
Both species have shown important differences in seedling emergence and survival in field studies [3, 5] , which may account for their different seedling recruitment abilities. Seedling emergence success depends on the seed's ability to germinate and on the capacity for seedling elongation to reach the soil surface. Moreover, it's was demonstrated that different environmental conditions, such as the concentrations of oxygen and carbon dioxide, temperature, water and nutrition availability may affect seeds buried at different soil depths and thereafter seed germination and seedling development [11] . In a Mediterranean climate, water availability and optimum temperature periods only coincide during some weeks in spring and autumn, and this varies greatly from year to year [12] . The inter-annual variability in length of the summer drought period is increasing due to climate change [13] . In this context, the ability of a species to germinate seeds in a wide range of temperatures could constitute an important asset for the seedling recruitment success. Similarly, under water limiting conditions, seedling establishment beneath adult plants has been shown to increase seedling survival, probably due to the lower evaporative demand [14] . In this microhabitat, where large quantities of soil litter are usually accumulated, the capacity of a seedling to elongate and emerge from a deep burial is also an advantage for its recruitment success. Seedling recruitment in environments such as oak forests would therefore be favored. Burial depth is a key factor for the fate of seeds [15, 16] .
The main objective of the present work was to compare seed germination and seedling emergence capacity of R. alaternus and R. ludovici-salvatoris in relation to their different seedling recruitment abilities. We aimed at determining: (1) the ability of seeds to germinate under temperature ranges typically occurring during autumn, winter and spring in their natural habitats; and (2) the seedling capacity to emerge from different burial depths.
Experimental Procedures

Study species
Rhamnus alaternus L. and R. ludovici-salvatoris R. Chodat (Rhamnaceae) produce fleshy fruits, which are black (4.9-9.9 x 4.5-8.1 mm width x length) [17] when mature in late spring and early summer, thus constituting a source of water and nutrients for frugivores in a period of shortage [5] . This characteristic, along with the capacity of R. alaternus to survive in xeric environments, and the endemicity of R. ludovicisalvatoris, justify the interest of these species in reforestation programs.
R. alaternus is typically found in Quercus ilex forests and Mediterranean shrublands [18] . It is usually 2-6 m high, its leaves are small and lanceolate to ovate (the leaf area usually varies from 2 to 10 cm 2 ). The species is mostly entomophilous and usually flowers during late winter and early spring, with a peak in mid-February. The flowers are pale yellow and grouped in racemes. The fruit is a small drupe (diameter < 1 cm) which bears two or three seeds covered by an endocarp that opens when the fruit pulp is removed. The seeds bear an elaiosoma and may thus be secondarily dispersed by ants [17, 19] . Seed and seedling survival in the early stages have been identified as the main bottlenecks for R. alaternus recruitment [5] , while its biomass productivity traits are similar to those observed in other widespread Mediterranean shrubs and trees [10] .
R. ludovici-salvatoris is a perennial shrub, it usually occurs in Q. ilex forests and Mediterranean shrublands [9] . It is up to 2 m high, and its small leaves (the leaf area usually varies from 1 to 3 cm 2 ) are denticulate and elliptical to suborbicular. The species is mostly entomophilous and usually flowers during spring, with a peak at the end of April to mid-May [3] . As in R. alaternus, the flowers are pale yellow and grouped in racemes, and the fruit is a small drupe (diameter < 1 cm), usually bearing two seeds covered by an endocarp which opens when the fruit pulp is removed. Seeds bear an elaiosoma and may thus be secondarily dispersed by ants [17] . Seedling emergence and survival have been shown to be scarce under natural conditions, limiting its recruitment capacity to a great extent [3] . This species, as well as R. alaternus, produces a negligible seed bank [17] .
Seed germination
R. alaternus and R. ludovici-salvatoris seed germination was tested at different temperatures. Previous studies have determined that seeds of both species germinate at high rates when subjected to alternate temperatures [25] . In addition, it was observed that light does not affect their seed germination [25] .
Mature fruits of R. ludovici-salvatoris were collected in July 2010 from several plants in Binifaldo (site is located at 600 m a.s.l, near the Lluc Monastery, 39°49'N, 2°53'E). Mean annual precipitation is 1265 mm; mean maximum and minimum temperature of the warmest and the coldest months (August and January, respectively) are 27.5°C and 2.5°C, respectively [20] . The fruit pulp was removed mechanically; seeds and their endocarp were washed with tap water and air-dried for 7-10 days. The endocarp opened just 24h after the fruit pulp was removed, which allowed the seeds to dry. Seeds were then stored in plastic containers at 4ºC and in low humidity. R. alaternus L. seeds were collected in Jun 2010 from plants growing in two populations that differ in climatic conditions (rainfall and illumination), type of habitat, predominant vegetation and sex ratio. The first population is located at Esporles (200 m a.s.l, in the west of Mallorca Island, with a mean annual precipitation of 629 mm, mean maximum temperature of the warmest month (August) of 30.2°C and mean minimum temperature of the coldest month (January) of 7.4°C) [20] . The second population is located at Lloret (150 m a.s.l, in the central part of Mallorca, with a mean annual precipitation of 557 mm and monthly mean maximum and minimum temperature of the warmest and the coldest months (August and January, respectively) are 31.5 and 7.8 °C, respectively) [20] . The procedure was similar to that described for R. ludovici-salvatoris; seeds were always stored under cold, dry conditions. Under the fixed experimental conditions, seeds of both species retain their germination ability for several years [4] .
Two hundred seeds of each species per treatment were put on two filter paper sheets (Whatman nº2) in 9 mm diameter Petri dishes. They were arranged uniformly in eight Petri dishes per species and treatment, with 25 seeds each. The filter paper was moistened every 2-3 days with distilled water and excess water removed in order to avoid anoxic conditions. Seeds were kept in the dark and subjected to three different temperature regimes: a) 5-15ºC, b) 10-20ºC, and c) 15-25ºC, at a 12h/12h regime. The temperature regime 'b' can be considered as a control, since this occurs under natural conditions during autumn, the main germination season. Seed germination was followed every 2-3 days. The germinated seeds, i.e. with emerged radicle, were removed from the Petri dish. The study lasted for 90 days, which was considered sufficient, since under natural conditions it is unusual to observe a longer period of time with similar temperatures and humidity. The remaining seeds were considered nonviable and were dissected to determine if they had an embryo (full seeds).
The percentage of accumulated seed germination (G) was calculated at the end of the experiment as: The dormancy period (D G ) of a homogeneous group of seeds was determined as the number of days elapsed from the first day of the treatment until the first seed germinated. In addition, the mean time to germination (T50) was determined as the number of days elapsed until 50% germination was attained.
Seedling emergence
R. alaternus and R. ludovici-salvatoris seedling emergence ability was studied at different burial depths. Seeds of both species were collected the same day and at the same population as those used in the seed germination experiment; thus, collection, storage and handling details are the same as those described above.
Two-hundred seeds of each species per treatment were put into plastic containers (four containers per treatment) of 12 x 12 cm and 10 cm depth; nine small holes were drilled at the bottom to allow drainage. The containers were filled with fine vermiculite (particle size: 0.5-3 mm), which was moistened by adding distilled water every 3-4 days. Seeds were subjected to three different temperature regimes (5-15ºC, 10-20ºC and 15-25ºC in a 12h/12h regime), and were buried at three different depths: 0.5, 2 and 5 cm. A seedling was considered to have emerged when its cotyledons were unfolded; the emerged seedlings were removed from the container. The remaining seeds had rotted by the end of the experiment and could not be separated from the substrate. In addition, due to experimental conditions, it was not possible to know how many seedlings were unable to emerge.
The percentage of accumulated seedling emergence (%SE) was calculated after 100 days as: %SE = 100 x N/S Where: N = number of emerged seedlings S = number of total seeds Similarly to the germination experiment, the number of days elapsed until the first seedling emerged (D SE ), as well as the number of days elapsed from the initial until 50% total seedling emergence (T SE 50), were recorded.
Data analysis
The statistical analysis of the germination data was performed with the SPSS 16 software package (SPSS, Chicago, IL). All percentage data on G and SE were normalized by arcsine square root transformation, and both (D G , D SE ) and (T50, T SE 50) data were normalized by log transformation before statistical analysis to ensure homogeneity of variances. A one-way analysis of variance (ANOVA) with species and treatments was performed on all results. Differences between means were revealed by the Duncan test (P<0.05).
Results
Seed germination at different temperature regimes
Only 4% of R. alaternus and less than 1% of R. ludovicisalvatoris seeds were empty. R.ludovici-salvatoris accumulated seed germination (G), and average time response (T50) ( Figure 1A and C) differed significantly between temperature regimes (p<0.001). By contrast, dormancy period (D G ) showed only significant differences at 15-25ºC ( Figure 1B) . G was the highest (85%) when seeds were subjected to 10-20ºC and the lowest (4%) after 90 days at 15-25ºC. The T50 was significantly lower at 10-20ºC (26 days) than at 5-15ºC and at 15-25ºC (45 and 81 days, respectively).
R. alaternus seed germination was significantly affected by the temperature regimes in both populations. D G , G and T50 showed non-significant differences between 5-15ºC and 10-20ºC in both populations, while seeds subjected to 15-25ºC showed the lowest G and the highest D G and T50 (Figure 1) .
R. ludovici-salvatoris showed a slightly higher G than R. alaternus (Esporles and Lloret) only at 10-20ºC (85%, 80% and 75 respectively), although these differences were not significant. Conversely, significantly higher G was found in R. alaternus than in R. ludovici-salvatoris at 5-15ºC and 15-25ºC ( Figure 1A ). Both populations of R. alaternus showed a significantly lower D G than R. ludovici-salvatoris only at 15-25ºC (44%, 22% and 64% respectively). T50 differences between R. alaternus and R, ludovici-salvatoris were only significant at 10-20ºC (49, 51 and 25 days respectively).
Seedling emergence at different burial depths and temperatures regimes
The results revealed that R. ludovici-salvatoris seedling emergence (SE) decreased when burial depth increased in the three temperature regimes (Figure 2A ). After 100 days, 45% of the seedlings emerged from 0.5 cm depth, while only 31% and 2.5% emerged from 2 and 5 cm, respectively when seeds were subjected to 5-15°C. Moreover, D SE and T SE 50 were significantly higher at 5 cm than at 0.5 cm ( Figure 2B and C). However, these differences varied depending on the temperature regime. In this sense, differences of D SE among burial depths were only significant at 15-25ºC. T SE 50 was significantly higher at 5 cm than at 0.5 cm when seeds were subjected to both 10-20ºC and 15-25ºC. In contrast, R. alaternus (Esporles population) seedling emergence dynamics were similar at 0.5 and 2 cm burial depths, only differing when seeds were buried at 5 cm. Seedling emergence after 100 days was not significantly different between the temperatures regimes at 0.5 cm and 2 cm, while emerged seedlings from 5 cm burial depth showed significant differences between 10-20°C and the other temperatures regimes (Figure 2A ). D SE showed few differences among burial depths, but was significantly higher at 5-15ºC than at the other temperature regimes in each burial depth ( Figure 2B) . A similar pattern was observed in T SE 50, showing no significant differences among burial depths and being significantly higher at 5-15ºC than at the other two temperature regimes. R. alaternus (Lloret population) seedling emergence was only clearly affected by burial depth when seeds were subjected to 5-15ºC. At this temperature, SE was significantly lower at 5-15ºC than at the other temperature regimes. By contrast, SE showed significant differences among temperature regimes at each burial depth; being higher at 10-20ºC than at both 5-15ºC and 15-25ºC (Figure 2A ). Similar to that observed in R. alaternus from Esporles, T SE 50 showed few differences among burial depths, but was higher at 5-15°C than at the other temperature regimes ( Figure 2C) . A similar pattern was observed in D SE ( Figure 2B ). Differences between both species were clearer at deep (5 cm) burial depth and when seeds were subjected to 5-15ºC. Under these conditions, R. alaternus showed higher SE and lower D SE and T SE 50 than R. ludovicisalvatoris (Tables 1). In addition, R. ludovici-salvatoris showed a lower SE than R. alaternus at 10-20ºC when seeds were buried at 2 and 5 cm, but not at 0.5 cm; while at 15-25°C, R. ludovici-salvatoris showed a lower SE only at 5 cm burial depth ( Figure 2A and Table 1 ).
Discussion
Seed germination, seedling emergence and regeneration ability
Both species showed high germination rates, minimum D G and T50 at 10-20ºC (Figure 1 ), the temperature regime usually experienced during autumn and spring in many areas where these species are found. Both seasons are the major biological activity periods in Mediterranean ecosystems, since water and temperature are usually near optimum [41, 42] . These results are similar to those reported for another Mediterranean Rhamnus species, R. lycioides, which shows greater germination rates at 16 and 21 than at 26ºC [21] . Moreover, other Mediterranean species, such as Olea europaea [22] , Pinus halepensis [23] , and many others [see 20, 24] have their optimum germination temperatures similar to those reported here. According to [25] , the optimum germination temperature range in many endemic and non-endemic species of the Balearic Islands was found to be 10-20°C. Also, the plants from this region developed different germination strategies to ensure the highest survival of their seedlings. A general Mediterranean strategy is the limited optimal range of temperatures for germination, up to 20°C [28] . It has been reported [24] that a mean optimum germination temperature for shrubs is around 19°C. By contrast, both populations of R.alaternus showed high germination activity at 5-15°C as well. The ability to maintain a high germination rate at low temperatures, i.e. 5-15ºC, can be highly important in order to extend the germination period towards the winter, when humidity is not usually limiting in the Mediterranean. Nevertheless, both species showed low germination activity at high temperatures ranging from 15-25°C. This is in agreement with other studies that have also reported low germination rates in Mediterranean species such as Pistacia lentiscus, Phlomis italica and Urtica atrovirens subsp.bianorii [21, 25, 29] . This could be due to presence of dormancy mechanisms by which plants have adapted to unpredictable environments [43] , including the Mediterranean climate. Moreover, the presence of mechanisms that allow seeds to avoid germination under high temperatures would be beneficial in these environments. Both Rhamnus species showed a longer dormancy period and T 50 under 15-25ºC than in the other treatments (5-15ºC and 10-20ºC). In contrast, a shorter dormancy period and T 50 have been reported for some Mediterranean species, such as Stipa tenacissima [30] , Ceratonia siliqua [31] , Diplotaxis ibicencis, Limonium magallufianum and Limonium gibertii at the same temperature regimes (5-15ºC, 10-20ºC and 15-25ºC) [25] . Differences between species in seed germination, dormancy period and T 50 are expected in Mediterranean ecosystems, since many of them show different types and degrees of dormancy [24] . R. ludovici-salvatoris showed a low germination rate at 5-15ºC (14%), which presumably reduces its germination during late-autumn and winter in many areas where this species is actually found. This can limit seed germination and seedling recruitment to a great extent in dry years, when the coincidence of temperature and humidity optimum periods is unusual. Dry years are very common in the Mediterranean, and are expected to occur even more frequently under climate change scenarios [44] . In fact, no seedling recruitment has been recorded during two consecutive years in two populations of R. ludovici-salvatoris [3] . In a parallel study, R. alaternus showed high seedling emergence under field conditions during autumn and winter, when minimum temperatures fell well below 10ºC [5] , which is in accordance with the results observed in the present work.
The large difference between R. ludovici-salvatoris seed germination at all temperature regimes and its high seedling emergence from 0.5 cm depth, i.e. 45%, 88% and 87% at 5-15°C, 10-20°C and 15-25°C respectively is noteworthy; temperature regimes cannot be considered as limiting seed germination. The low germination registered at 15-25ºC was probably because the surface of the filter paper in Petri dishes may provide inadequate humidity for seed germination at such high temperatures. Similar results were reported by several authors [15, 16, 44] . Likewise, seed-soil contact has been assumed to be the most important factor for rapid transfer of water from soil to seed. In addition, R. alaternus (both populations) also showed low germination at 15-25°C and high emergence at all temperature regimes.
Our results suggest that R. ludovici-salvatoris seedlings grow very slowly even under optimum conditions when burial depth increased. This may be related to the high respiration to photosynthesis ratio, as observed in adult plants [2] , although whether this also occurs in seedlings should be tested. Moreover, it may be related to seed size because according to [39, 40] larger seeds have more energy reserves than smaller ones and had the advantage of giving rise to taller seedlings that could emerge from deeper burials. In fact, R. ludovici-salvatoris seeds are smaller than those of R. alaternus in both populations (Esporles and Lloret) (5.4 ± 0.2 mg vs. 8.7 ± 0.3 mg and 7.7 ± 0.6 mg).
R. ludovici-salvatoris seedling emergence decreased when seeds were buried deeper, with only 40% emerging from a 5 cm depth vs. 81% and 88% for R. alaternus (at 10-20ºC) collected in both populations, Esporles and Lloret respectively. The lower seedling emergence registered when seeds were buried deeper could suggest that many seedlings failed to reach the soil surface. Chen and Muan [32] have also reported lower seed germination at greater depths due to greater seed mortality and, partially, to seed-induced dormancy, probably due to poor aeration, i.e. fungal infection and low O 2 concentration. Other studies also showed that, when buried too deep in soil, the seeds can either be prevented from germinating by the higher soil moisture, lower temperatures, poor gas exchange, or higher CO 2 levels around them [35, 36] . However, this low ability in the former species can also reduce its seedling recruitment in some environments, where large amounts of soil litter accumulate every year, as in holm-oak forests, where this species is actually found. Litter has been reported to impede seedling emergence of small-seeded species in temperate woodlands [45, 46] . Seedling recruitment in Mediterranean ecosystems is usually enhanced in microhabitats that maintain soil humidity longer in the dry season, such as beneath adult plants [3, 5, 14] . But large amounts of soil litter also accumulate in these locations, which can cause a spatial discordance between optimum sites for seedling emergence and those for seedling survival. Nevertheless, the scarce seedling recruitment of this species is usually recorded under adult trees [3] , suggesting that seedling survival is a greater limiting factor for its regeneration than seedling emergence.
In conclusion, suitable conditions including temperature and humidity are necessary for seed germination, emergence and seedling survival [47] [48] [49] . R. ludovici-salvatoris has shown a low ability for seed germination at 5-15ºC temperature regimes, as well as a low ability to emerge seedlings when compared with other temperature regimes and both populations of R.alaternus, even from shallow burials. Both characteristics can partially explain the low regeneration ability of this species [3] . As burial depth increased (5 cm), seedling emergence of R. ludovici-salvatoris decreased. This low ability of seedling emergence may be attributed to the smaller size of R.ludovicisalvatoris seeds. R. ludovici-salvatoris, an endemic species from the Balearic Islands, has undergone a contraction in its distribution area in the last decades which can also be related to habitat disturbance. But, in recent years, many agricultural areas are being abandoned and reforested in the Balearic Islands, which may generate new suitable ecosystems for this species. Nevertheless, its low regeneration ability delays the establishment of new R. ludovici-salvatoris populations after any disturbance, and thus the space is first occupied by more competitive shrubs. The results of the present study, particularly germination and seedling emergence of R. ludovici-salvatoris at 5-15ºC and at 5 cm burial depth, partially explain why this species shows poor regeneration ability.
